It will now be widely known that contamination with a higher oxide of nitrogen occurred in a batch of nitrous oxide cylinders which were filled by the British Oxygen Company near the beginning of September 1966. When one considers the vast numbers of cylinders of nitrous oxide diat have been used during the last 40 years, contamination is obviously extremely rare; but, despite the care taken by the manufacturers, which will obviously be gready increased in the future, there is always a possibility of human and mechanical error, so diat a description of die clinical signs of cases of poisoning from diis source is of value. It is hoped that readers of this article will realize that die condition of die patients involved was so serious and disturbing diat an account of die sequence of events may not be very accurate, particularly as regards time.
The first patient was a woman of 39, odierwise very healthy, who was to be anaesthetized for a Wertheim's hysterectomy on September 5, 1966, at die General Hospital, Bristol. Pre-operatively her blood pressure was 130/90 mm Hg, her chest and cardiovascular system were normal. Premedication, given 1 hour pre-operatively, was pediidine 50 mg, promediazine 25 mg, and atropine 0.4 mg. At 9.05 a.m. the anaesthetic was started. She was given thiopentone 50 mg by a slow intravenous injection of a 2,\ per cent solution. This was sufficient for her to accept comfortably the facepiece. Then a mixture of nitrous oxide (6 l./min) and oxygen (2 l./min) was administered from a continuous-flow anaesdietic machine made by Medical and Industrial Equipment Ltd., in which the supply of fresh gases was delivered to die Y-piece of a circle absorber widi die soda-lime in circuit. She breadied die mixture easily and readily. The nitrous oxide in use was from a previously unused cylinder. After approximately 1 minute she was given tubocurarine 15 mg intravenously and the effect of diis was observed. This was followed about li minutes later by a further 30 mg of tubocurarine. She was dien ventilated by manual compression of the rebreadiing bag. At diis stage slight cyanosis was observed and it was considered diat the manual ventilation was inadequate. Further efforts at manual ventilation did not improve her colour so she was rapidly intubated and die oxygen percentage increased to 50. The cyanosis deepened and was not improved by ventilating widi 100 per cent oxygen. The patient dien started to look extremely ill. At diis time, which was some 6 minutes after die initial diiopentone, her pulse rate was 90 beats/min and her blood pressure 75/60 mm Hg. It was diought diat she might have had a coronary thrombosis or pulmonary embolus. If diis were die case it seemed diat it might be uncomfortable for her if she were allowed to regain consciousness, so ventilation was continued widi 50 per cent oxygen and 50 per cent nitrous oxide (3 l./m O 5 + 3 l./m N,O). A cardio-oscilloscope was connected to her and showed only slight depression of die ST segment on die diree primary leads. The advice of a cardiologist was obviously necessary, so he was asked to come to the anaesdietic room as soon as possible. Meanwhile a direct-writing electrocardiograph was obtained for more accurate observation. A portable X-ray machine was also sent for. In order to determine whedier die cyanosis was central or peripheral, puncture of die femoral artery was carried out. The blood was not only obviously cyanosed but showed a distinct brownish colour. The patient, 5 days before operation, had had a lymphangiography with a solution containing chlorophyll, and it was suggested diat die discoloration of the blood, apart from the cyanosis, could be due to die chlorophyll. The surgeon remarked diat he had seen some similar discoloration in previous cases where chlorophyll had been used for lymphangiography. There now seems to be some doubt as to whether chlorophyll given in this way could cause any observable discoloration of the blood, but this possibility made the diagnosis the more obscure. A sample of the arterial blood was sent to the cardiological department for estimation of the haemoglobin saturation. The X-ray taken in the anaesthetic room showed a normal cardiac outline and some patchy consolidation in the upper lobes of both lungs. The 12-lead e.c.g. showed further ST depression, particularly in leads V4 and V6. The arterial oxygen saturation was reported as 69 per cent. At 9.30 ajn. the patient's blood pressure was recorded as 60/40 mm Hg, the nitrous oxide was discontinued and the lungs ventilated with 100 per cent oxygen. Despite a temporary rise of blood pressure to 100/60 mm Hg at approximately 9.40 ajn o this settled soon afterwards to about 85/60 mm Hg and she had a pulse rate of 100-110 beats/min. Her blood pressure and pulse rate remained much the same for the next 2 hours. The cardiologist arrived and said that there was no evidence whatever for a coronary thrombosis but he thought it most likely that she had had a pulmonary embolism, so arrangements were made for emergency pulmonary arteriography to investigate this. At 10.15 a.m. she was given digoxin 0.75 mg intravenously and at 10.45, when it appeared that the effect of the rubocurarine was wearing off and making artificial ventilation difficult, she was given a further 15 mg and transferred to the X-ray department on manual IPPR with oxygen. On arrival in the X-ray department it was felt that she might be returning to consciousness and be uncomfortable, so ventilation was continued with 25 per cent nitrous oxide and 75 per cent oxygen from a different anaesthetic machine. X-ray screening of the chest shortly after 11 a.m. showed the presence of several ill-defined opacities in the lung fields. It was noticed also that her lungs were markedly more difficult to inflate than they had been and this loss of compliance became steadily worse thereafter. On cardiac catheterization, via an antecubital vein, pressures in the right side of the heart were found to be normal, so that the diagnosis of pulmonary embolism was abandoned.
While these proceedings were going on in the X-ray department the next patient on the list was sent for. This, by a remarkable coincidence, was a young woman, to be operated on for infertility, who had had a cardiac arrest during the induction of a previous anaesthetic a few weeks earlier. The author was asked to give the anaesthetic as he had had considerable experience of anaesthesia for cardiac surgery. This anaesthetic was started at approximately 10.40 ajn. The same premedication was used for this patient as for the first, but not unnaturally, after her previous experience, she was somewhat nervous and thiopentone 150 mg was necessary before she was in a state where she would accept the anaesthetic mask comfortably. The same procedure as for the first case was adopted. She inhaled a mixture of nitrous oxide (6 l./min) and oxygen (2 l./min) from the same machine as the first patient. Again tubocurarine 15 mg was given, as a test dose, and when this seemed to have acted a further 30 mg was given and she was ventilated manually. She immediately started to become cyanosed and it was then, at once, obvious that this was a case of poisoning, but poisoning by what we had no idea. She was immediately intubated, the nitrous oxide turned off, and another anaesthetic machine sent for. She was ventilated on this second machine with 100 per cent oxygen only. In view of her rapid cyanosis, the pathology department was asked to look for abnormal pigments in the arterial blood taken from the first patient. They rapidly reported that there was an abnormal pigment but they could not be sure immediately whether this was sulphaemoglobin or methaemoglobin. Because there was a possibility of it being sulphaemoglobin the first patient was given an exchange transfusion with the blood that had been got ready for the operation. The second patient also showed a rapid fall in blood pressure and quickly became very ill. Shortly after this, the pathology laboratory reported that the abnormal pigment was definitely methaemoglobin. Because of this report both patients were given an intravenous injection of 10 ml of 1 per cent methylene blue and in each case the colour turned to bright pink within about 90 seconds. After this the second patient improved considerably and her blood pressure rose to normal. About an hour after tie start of the anaesthetic the tubocurarine was reversed with atropine 1.2 mg and neostigmine 5 mg. The reversal seemed very satisfactory and shortly after this her endotracheal tube was removed and she seemed well enough to be returned to the ward under close observation. Not unnaturally the rest of the operating list was abandoned.
While this second patient was being looked after in the anaesthetic room it obviously became necessary to try to find the source of the poisoning. It was considered that any effects of the premedication could be ruled out, as in each case the signs had appeared within a few minutes of starting the anaesthetic. The possible sources of the poisoning were therefore limited to the thiopentone, the tubocurarine, the nitrous oxide and the oxygen. It was felt that the oxygen was very unlikely to be the cause of the trouble as the only likely contaminant would be nitrogen. Since nitrites are known to cause methaemoglobinaemia, the nitrous oxide was obviously suspect and the cylinder was sent as rapidly as possible to the British Oxygen Company for analysis. The makers of the tubocurarine were contacted by telephone and we were informed that this particular batch of the drug had been in use for a considerable while without any report of ill effects. This was thus ruled out, but the thiopentone came from a multi-dose bottle which had been prepared some 48 hours before it was used. The bottle was returned to the makers who later passed it as normal in every way. As we obviously had two cases of poisoning the cause of which seemed most likely to be the nitrous oxide, the use of this agent was prohibited in all the hospitals in the group until further notice and, as a further precaution, until we had the results from the analysis of the thiopentone, all bottles from that same batch were taken out of circulation. The Regional Board was informed of the occurrence and the measures that we were taking. Some hours after she had been returned to the ward, the second patient, who had only inhaled nitrous oxide for a few minutes, showed some signs of respiratory distress and was transferred for observation to the Intensive Therapy Unit at the Bristol Royal Infirmary. Her respiratory distress was alleviated by intravenous aminophylline and she was given some oxygen for a short while. She also received hydrocortisone, but at no time did she require respiratory assistance and on the day following the occurrence she was greatly improved.
The first patient while still under observation in the X-ray department appeared to have increasing loss of compliance of her lungs and showed increasing opacity of these on X-ray. She showed definite signs of pulmonary oedema. She was transferred, using manual ventilation of her lungs, to the Intensive Therapy Unit at the Bristol Royal Infirmary, arriving at 3.15 in the afternoon. Artificial pulmonary ventilation was started using a Cape ventilator with 100 per cent oxygen, and the whole picture of her subsequent progress was one of increasing difficulty in maintaining adequate oxygenation despite a good tidal volume. Eventually ventilation became quite ineffective, even using the highest pressures that could be considered reasonably safe, and she suffered a cardiac arrest which, despite all efforts, was irreversible.
The investigations which were carried out and the main drugs she was given are shown chronologically in table I.
The results of postmortem examination showed that her lungs were extremely oedematous and very solid. There was also a bilateral pneumothorax which almost certainly was due to the unavailing attempts to keep her lungs ventilated. This ventilation was done by hand after the cardiac arrest. The picture, when the author eventually retired to bed, was of two patients seriously ill, one of whom was likely to die. The cause of the trouble was unknown and, but for the presence of methaemoglobinaemia, the author would certainly have thought that he had just given two very bad anaesthetics. His relief can be imagined when a message was telephoned to him that the British Oxygen Company had found definite contamination of the nitrous oxide cylinder with higher oxides of nitrogen. The contaminant was later confirmed as nitric oxide. In view of this, and because contamination of other cylinders in the hospital was very possible, the use of nitrous oxide was completely prohibited until the British Oxygen Company could supply further stocks of nitrous oxide whose purity was beyond suspicion. All operating lists were cancelled and only emergency cases were operated upon until the whole matter had been thoroughly investigated. The junior staff were comparatively inexperienced in techniques not involving the use of nitrous oxide, so it was decided that any The question obviously arises as to whether the diagnosis of poisoning should not have been arrived at before the second patient was exposed to this terrible risk. However, it can only be offered in mitigation that this sort of episode was outside the author's experience and that the issue was somewhat confused by the possibility that the change in the colour of the blood was caused by the lymphangiography. One fact is, however, very surprising: that is that none of the odour associated with higher oxides of nitrogen was discernible in the anaesthetic room and the author inhaled some of the gases coming from the anaesthetic machine after the second patient had become cyanosed but failed to detect anything abnormal. This inability to detect any odour from the anaesthetic machine is so surprising that one is tempted to think that, in the heat of the moment, the author had turned on only the oxygen cylinder. However, he certainly suffered some degree of chestiness the day after the incident, which could be attributed to a small dose of nitric oxide but could have been purely incidental.
Although cases of poisoning by higher oxides of nitrogen have not been reported for 40 years, the question remains as to whether there have been cases where there was contamination by small concentrations of higher oxides when the methaemoglobinaemia would not appear. The only signs that something was wrong would be the respiratory complications which could easily be put down to other causes such as inhalation of hydrochloric acid from the stomach contents.
The author was fortunate, though the first patient less so, in having contamination of such a high degree-apparently in excess of 1.5 per cent -that methaemoglobinaemia appeared, thus confirming that poisoning was present.
Although it is certain that the manufacturers of nitrous oxide will do everything that is humanly and mechanically possible to prevent a recurrence such as this, it must remain in every anaesthetist's mind that failure is always possible and that if a series of patients appear with respiratory complications the possibility of poisoning must be borne in mind.
After these two cases of poisoning had been diagnosed it was found that a further case of poisoning elsewhere in the region had occurred 2 days before those described here. This case was not diagnosed at the time because there was a very reasonable co-existing cause for the cyanosis which appeared when the anaesthetic was given. This patient also died later from respiratory inadequacy.
